Aerated soils represent an important sink for atmospheric methane (CH4), due to the effect 2 of methanotrophic bacteria, thus mitigating current atmospheric CH4 increases. Whilst rates 3 of CH4 oxidation have been linked to types of vegetation cover, there has been no 4 systematic investigation of the interaction between plants and soil in relation to the 5 strength of the soil CH4 sink. We used quasi-continuous automated chamber measurements 6 of soil CH4 and CO2 flux from soil collar treatments that selectively include root and 7 ectomycorrhizal (ECM) mycelium to investigate the role of rhizosphere activity as well as the 8 effects of other environmental drivers on CH4 uptake in a temperate coniferous forest soil. 9
treatments, sealing tightly around the outside of collars with a rubber gasket. CO2 158 concentrations were measured using a LI-8100 (Li-Cor, Lincoln, Nebraska, USA), whilst CH4 159 concentrations were measured using a Fast Greenhouse Gas analyser (FGGA; Los Gatos 160
Research, Mount View, California, USA). The multiplexer sampled each chamber 161 sequentially such that chambers were measured once an hour. During the measurements, 162 each chamber was closed for 3 minutes only, ensuring that the enclosed soil area is subject 163 to the same conditions as the surrounding soil. 164
165

Environmental measurements 166
Soil temperature and soil water content (SWC) were recorded every 10 minutes using PT100 167 thermistor probes and SM200 probes (Delta-T Devices, Cambridge, UK), respectively. Soil 168 temperature measurements were at 0.05 and 0.1 m depths (n = 3 per depth) and SWC 169 measurements (n = 3) were measured at 0.05 m depth m. Atmospheric pressure was 170 recorded continuously (1 Hz) by the (Li-8100). Photosynthetically Active Radiation (PAR) wasmeasured every 10 minutes at a nearby canopy opening (QS5 PAR Quantum Sensor, Delta-Tspatial average of throughfall at the site were collected from the nine collectors (funnel 176 diameter = 20 cm) once every week. These funnels were placed on the ground at random 177 locations throughout the site. 178
Data for wind speed and wind gust speed were obtained from the UK Met-Office website 179 (www.metoffice.gov.uk) for observations from Linton on Ouse, located approximately 20 180 km NW of the experimental plot. Note that despite the spatial separation, these data are 181 used to allow a general characterisation of atmospheric mixing due to wind, not precise 182 conditions at the site (see below). 183
184
Data processing and flux calculations 185
Fluxes of CO2 and CH4 were calculated from linear regression of the concentration 186 measurements obtained during each 3 minute chamber closure. The first 40 seconds of 187 each measurement were removed to allow the complete mixing of chamber air, meaning 188 that each regression used 140 data points spanning a 140 second period. The correlation 189 coefficient (r 2 ), root mean square error (RSME) and p value were calculated for each linear 190
regression. 191
In order to separate valid flux measurements from possible artefacts (e.g. due to incomplete 192 chamber closure, or leakage), we removed all CO2 and CH4 flux estimates where the r 2 value 193 of the CO2 measurement was below 0.9. This procedure removed approximately 19% of all 194 data, most of which were associated with malfunctioning chambers during some of the 195 observation period. Owing to the relatively smaller signal-to-noise ratio, small flux rates 196 tended to show lower coefficients of variation (r 2 ). This was more pronounced for methane 197 flux calculations, due to the smaller absolute concentration changes for this flux, and we did 198 not apply the same rigorous r 2 threshold to fluxes as we did for CO2. Instead, any CH4 flux 199 with an RSME of more than 0.02 µmol m -2 s -1 was also removed, affecting a further 1. The relationships between continuous environmental variables and trace gas fluxes were 217 investigated using linear and/or multiple regressions and analysis of covariance. In some 218 cases, autoregressive (AR) models were employed because gas fluxes and environmental 219 variables showed temporal autocorrelations. Residuals from exploratory regression 220 modelling revealed strong autocorrelation for all fluxes, as confirmed by autocorrelation 221 function (ACF) plots and the Durban Watson test (in all cases p-value < 0.001). It was found 222 that a 2 nd order AR model was optimal based on inspection of ACF plots. To facilitate 223 comparisons between fitted coefficients, all variables were normalised by scaled to a mean 224 of zero and a standard deviation of 1. The independent variables included in the regression 225 models were: initial concentration of CO2 or CH4 (respectively), air pressure, air 226 temperature, soil temperature (at 5 cm depth), solar radiation and soil water content. 227 of the other two treatments (Table 1) . 234
The overall heterotrophic contribution to soil respiration averaged 55.2 ± 0.3% over the 235 entire measurement period, with a tendency towards higher relative heterotrophic 236 contributions towards the end of the observation period ( varied significantly among rhizosphere treatments, but no significant effect of block was12 found (ANOVA F2,10 = 14.39, P < 0.002). The strongest sink was observed for the SMR 256 treatment, followed by SM and S treatments (P<0.01; Table 1) . 257
Unlike CO2 efflux, CH4 uptake did not show a gradual seasonal increase with rising 258 temperatures. Instead, the CH4 sink strength showed short-term decreases following rain 259 events and a gradual increase following the onset of drier conditions (Fig. 1e) . On diurnal 260 timescales, we observed a marked pattern of higher night-time CH4 oxidation rates and 261 lower daytime fluxes (Fig. 2a) . In contrast to CO2 dynamics, the daily oscillation in CH4 fluxes 262 did not vary among rhizosphere treatments. Atmospheric CH4 concentrations measured 263 above the soil surface showed lower daytime concentrations and higher night-time 264
concentrations. 265
Spearman's rank correlation analysis indicated that there was a significant correlation 266 between the rate of CH4 uptake in the soil and CH4 concentrations measured in the 267 atmosphere above the soil surface (Fig. 3a) . This correlation was significant for the entire 268 data set (r = -0.237; p < 0.01; n = 759), but was dominated by a strong dependence of fluxes 269 on concentration at low soil water content (SWC = 0.22 -0.35 m 3 m -3 ; r = -0.493; p < 0.001; 270 n = 262). Variation in CH4 concentration in the atmosphere above the soil surface was found 271 to correlate in turn with wind speed (Fig. 3b) . 272
273
Relationship between trace gas fluxes and environmental variables 274
The AR model indicates a significant effect of SWC dynamics on fluxes of CO2 and CH4 for all 275 treatments (Table 2 ). For CO2, fluxes increased with rising soil moisture, while the opposite 276 pattern was true for CH4 (i.e. reduced CH4 uptake with increasing SWC). AR analysis also 277 indicated that soil temperature at the 5 cm depth was a good predictor of soil CO2 fluxes 278 among all the rhizosphere treatments, while air temperature was found to be a good 279 predictor of CH4 fluxes (Table 2) . Furthermore, a significant negative correlation was found 280 between solar radiation and CO2 fluxes (Table 2) . 281 contrasting sampling scenarios show a generally lower apparent CH4 oxidation flux rate, 285 with an apparent reduction by up to 14.5% for fortnightly sampling frequencies from thesampling from the SM treatment (Fig. 4) . The CO2 reduction in apparent flux was up to 288 13.8%, 17.9% and 12% for weekly sampling of SMR, SM and S treatments, respectively. The 289 standard deviation associated with different sampling frequencies increases with decreasing 290 frequency, owing to the lower number of sampling events for lower frequencies. What was more intriguing, however, was the distinct pattern in CH4 uptake among the root 319 & ECM exclusion treatments. In the presence of a fully intact rhizosphere (SMR treatment), 320 net CH4 uptake was almost 3 times that of the bulk soil; while in the presence of ECM 321 hyphae, net CH4 uptake was approximately 40% higher than in the bulk soil (Table 1) . 322
Although some of this variation in fluxes may be attributable to differences in soil moisture 323 content among the treatments (see section on the role of environmental drivers below), we 324 believe it is unlikely that soil moisture was the principal cause for this pattern because the 325 absolute difference in soil moisture content among the treatments was small compared to 326 the difference in fluxes (e.g. soil moisture varied by only 1.5-13.0 %, whereas CH4 fluxes 327 varied by as much as 300 % among treatments). Other measured environmental variables 328 did not vary significantly between treatments. This suggests that the observed pattern was 329 due to some other biotic or environmental factor that we did not measure, or the result of 330 fundamental underlying differences in microbial methanotrophic populations among 331 treatments. With respect to the latter, we propose that soil with an intact rhizosphere may 332 Lags between C assimilation in the canopy and utilisation in the rhizosphere are a further 369 possibility to explain shifts in fluxes with regards to drivers. The meta-analysis of transport 370 times of sugars fixed during photosynthesis to root via the phloem by Mencuccini and Hölttälag of between 1 and 3 days is likely. However, the observation that peak CO2 flux in the S 373 treatment coincides with that in other (autotroph-influenced) treatments (Fig. 2b) suggests 374 that, whilst the magnitude of response is impacted by photosynthate supply, the timing is 375 more likely to relate to lags in soil diffusion. 376 377
Environmental regulation of CH4 flux 378
The magnitude of CH4 uptake in intact soil collars over the sampling period 379
(1.63 ± 0.22 nmol m -2 s -1 , Table 1 conditions. Irrespective of the actual source of CH4 underlying the increase during periods of 438 low atmospheric mixing, there is a clear response in the strength of CH4 uptake and 439 atmospheric concentration, in good agreement in diurnal patterns (Fig. 2a & 2c) . This 440 finding is potentially significant, as it suggest that soil microbial oxidizers may represent a 441 potential negative feedback to rising atmospheric CH4 concentrations. Our 
Insights obtained from quasi-continuous chamber measurements 457
Quasi-continuous, automated sampling of soil gas exchange provides the most 458 comprehensive data to estimate soil or ecosystem greenhouse gas budgets. The sampling 459 frequency exercise we performed indicated that manual chamber sampling, assuming that 460 manually sampled fluxes were collected during mid-day, under-estimate soil CO2 and CH4measurements (such as the eddy covariance technique) provide a further powerful tool to 466 investigate short-term temporal flux variations and dependence on environmental 467 drivers(Phillips et al., 2017), but chamber based studies like ours provide critical process 468 understanding from manipulations that can not be captured by eddy covariance. 469
It should be noted that these are not universal values that can be applied to correct manual 470 gas sampling estimates obtained in other temperate forest locations. Rather, it serves to 471 illustrate that diurnal fluctuations in soil gas exchange should be obtained for studies 472 otherwise relying on periodic gas sampling in order to estimate seasonal or annual budgets 473 in order to account for fluxes that may be partially driven by recurring (e.g. diurnal) shifts in 474 environmental conditions or circadian patterns. and 10 cm (black line) and in the air above the soil surface (dashed line). Soil water 8 content was measured continuously (n = 3) (e), and periodically for different 9 treatments (f). All error bars represent 1 standard error (n = 4). 10 
